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(57) ABSTRACT 

An image pickup device is provided with a reduced profile. 
There is provided a circuit board that is formed with a 
predetermined circuit pattern having bonding portions and 
which has a through hole, a pickup element that has a 
light-receiving portion and bonded portions and which is 
secured to one surface of the circuit board by bonding the 
bonded portions to the bonding portions of the circuit 
pattern, and a cover body which has a lens portion for 
guiding incident light to the light-receiving portion of the 
pickup element through the through hole of the circuit board 
and that is secured to another surface of the circuit board 
opposite to the above-mentioned surface such that the 
through hole is covered. 

10 Claims, 9 Drawing Sheets 
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REDUCED THICKNESS OPTICAL IMAGE 
PICKUP DEVICE WITH IMPROVED 
SEALING AND METHOD OF MAKING 
SAME 

5 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to the technical field of 
image pickup devices and methods of manufacturing the 
same. More particularly, the invention relates to the lechni- 
cal field of image pickup devices in which light incident 
upon a lens portion is guided to a light-receiving portion and 
is subjected to photo electric conversion and methods of 
manufacturing the same. 

2. Description of the Related Art 

Pickup apparatuses, such as video cameras, are normally 
equipped with an image pickup device having a CCD 
(charge coupled device), CMOS (complimentary metal 
oxide semiconductor) or the like as a light-receiving portion. 

no. 1 shows an example of such a conventional pickup 20 
device. 

An image pickup device "a" is formed by mounting a 
main body c, having a cover body b attached thereto, on a 
circuit board d. 

The cover body b has a substantially cylindrical 25 
configuration, and a lens e is held at one end of the cover 
body b. 

For example, the main body c is formed by providing 
required members on a molded body f formed from a resin 
material. The molded body f has a mounting recess g formed 30 
on one surface thereof, and a through hole h is formed in the 
middle of the bottom of the mounting recess g. A bonding 
portion i in the form of a recess is formed in the middle of 
the bottom of the through hole h of the molded body f. 

A lead frame j is provided on the molded body f using 35 
insert molding. A part of the lead frame j is embedded in the 
molded body f, and the rest of the same is located outside the 
molded body f. 

A CCD image sensor 1, as a light-receiving portion, is 
secured to the bonding portion i of the molded body f with 40 
an adhesive k; and, the CCD image sensor 1 is connected to 
one end of the lead frame j through wires m, m, . . . . 

A transparent lid body o is mounted to the moimting 
recess g of the molded body f with an adhesive n to keep a 
space p, defined in the molded body f, hermetic. 45 

The cover body b is mounted to cover the lid body o that 
is mounted on the molded body f. The other end of the lead 
frame j of the main body portion c is bonded to bonding 
portions q, q, . . , of the circuit board d. 

Since the molded body f is provided and the bonding 50 
portion i in the form of a recess is provided on the molded 
body f to provide the CCD image sensor 1, the above- 
described conventional pickup device a as a whole has a 
great thickness, which results in the problem that efforts to 
obtain a lower profile are hindered. 55 

Japanese Patent Laid-Open No. 84278/1996 disclosed a 
solid-state pickup apparatus in which a solid-state image 
sensor is bonded in a face-to-face relationship with a 
through hole in a board using the flip-chip method. 
However, no proposal was made on how 10 prevent sealing 
resin from flowing into the through hole during resin-sealing 
of the circuit board and the pickup element 

SUMMARY OF THE INVENTION 

The first object of the invention is to solve the above- 65 
described problems and to reduce the thickness of an image 
pickup device. 
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Another object of the invention is to provide an image 
pickup device in which sealing resin is prevented from 
flowing into a through hole during resin-sealing of the 
circuit board and pickup element. 

In order to solve the above-described problems, the image 
pickup device according to an embodiment of the invention 
is characterized in that it is equipped with a circuit board that 
is formed with a predetermined circuit pattern having a 
bonding portion and which has a through hole, a pickup 
element which has a light-receiving portion and a bonded 
portion and that is bonded to the bonding portion of the 
circuit pattern at the bonded portion to be secured to one 
surface of the circuit board, a cover body which has a lens 
portion for guiding incident light to the Light- receiving 
portion of the pickup element through the through hole of 
the circuit board and that is secured to another surface of the 
circuit board opposite to the above-mentioned surface such 
that the through hole is covered and the circumferential 
surface of the through hole of the circuit board is plated. 

A method of manufacturing the image pickup device 
according to the invention is characterized in that it has the 
steps of forming a circuit board by forming a predetermined 
circuit pattern having a bonding portion and a through hole 
on a board, bonding a bonded portion of a pickup element 
having a light-receiving portion and the bonded portion to 
the bonding portion of the circuit board to secure the pickup 
element on one surface of the circuit board, securing a cover 
body having a lens portion for guiding incident light to the 
light-receiving portion of the pickup element through the 
through hole on another surface of the circuit board opposite 
to the above-mentioned siu'faoe such that the through hole is 
covered and plating an inner circumferential surface of the 
through hole of the circuit board. 

Therefore, the image pickup device and the method of 
manufacturing the same according to the present invention 
make it possible to achieve a low profile and to prevent the 
flow of sealing resin, because there is no need for using a 
molded body having a recess for providing the light- 
receiving portion. 

DETAILED DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view of a conventional image pickup 
device. 

FIG. 2 is a sectional view of aboard (double -sided copper- 
clad laminated plate) of an embodiment of the invention. 

FIG. 3 is a sectional view of a state of the embodiment in 
which a through hole has been formed. 

FIG. 4 is a sectional view of a state of the embodiment in 
which an inner circumferential surface of the through hole 
has been plated. 

FIG. 5 is a sectional view of a state of the embodiment in 
which resist materials have been applied thereto. 

FIG. 6 is a sectional view of a state of the embodiment in 
which etdiing has been performed. 

FIG. 7 is a sectional view of a state of the embodiment in 
which the resist materials have been removed to form a 
circuit pattern. 

FIG. 8 is a sectional view of a state of the embodiment 
before an image pickup device is mounted on the circuit 
board. 

FIG, 9 is a sectional view of a slate of the embodiment in 
which bumps have been bonded to pads to mount an image 
pickup device on the circuit board. 

FIG. 10 is a sectional view of a state of the embodiment 
in which a gap between the circuit body and the pickup 
element has been sealed with sealing resin. 
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FIG. 11 is a sectional view of a stale of the embodiment The cover body 4 has a substantially cylindrical configu- 

in which a cover body has been mounted on the circuit board ration; and the lens 4^7 as a lens portion is held at one end of 

to fabricate the image pickup device. the same. The other end of the cover body 4 is secured to the 

FIG. 12 is a sectional view of a stale of the embodiment second surface 2b of the circuit board 2, such that it covers 
in which a through hole having a different configuration has 5 the through hole 6 by means of, for example, bonding, 

been formed. When light impinges upon the lens 4a. the light is guided 

FIG. 13 illustrates an operational procedure for manufac- to the CCD image sensor 11 of the pickup element 3 through 

luring the image pickup device of the embodiment. the through hole 6 of the circuit board 2. The CCD image 

DETAILED DESCRIPTION OF THE ,o fiinctions such as photoelectric 

PREFERRED EMBODIMENT 1°TkT"' f'^f^ J'K T , \ 

the light guided thereto into an electncal signal. An image 

A description will now be made with reference to the based on the converted electrical signal is displayed, for 

accompanying dravnngs on an embodiment of an image example, on a display portion of a video camera, 

pickup device according to the invention and a method of a description will now be given of a method of manu- 
manufactunng the same. 15 facturing the image pickup device 1 with reference to the 

The embodiment described below is an application of the operational procedure shown in FIG. 13 and the illustrations 

invention to an image pickup device having a CCD image of steps shown in HGS. 2 through 12. 

sensor as a light-receiving portion and a method of manu- jhe manufacturing method described below represents 

facturing the same, tj^e formation of the circuit board 2 using a sublr active 

First a configuration of the image pickup device will be method, 

described (see FIG. 11). For example, the image pickup (i)por example, a double-sided copper-clad laminated 

device IS provided m a pickup apparatus, such as a video piate having copper-plated regions 2c and 2d on both sides 

camera. jg provided as a board 2' and is cut into a predetermined 

An image pickup device 1 has a circuit board 2, a pickup configuration (see FIG. 2). 

element 3 that is bonded to one surface (first surface) 2a of (2) Athrough hole 6 is formed in a predetermined position 

the circuit board 2 and a cover body 4 that is mounted on the board 2' (see FIG, 3), For example, the through hole 

another surface (second surface) 2b of the circuit board 2 ^ is preferably formed using an NC drill or rooter; and, the 

opposite to the above surface of the circuit board. circumferential surface of the through hole 6 thus formed 

A predetermined circuit pattern is formed on the cucmX preferably has a roughness which is adequate for plating the 

board 2, and pads 5, 5, . . . , as bonding portions, are formed same. Any necessary through bole is also formed at this 

in a part of the circuit pattern. A through hole 6 is foraaed in time. Tlie through hole 6 may be formed perpendicularly to 

the middle of the circuit board 2. the principal surface of the circuit board 2, as shown in FIG. 

Plated regions 7, 8 and 9 are respectively provided on a 3, Alternatively, for example, a through hole 6A may be 
circumferential surface of the through hole 6, the edge of the 35 formed whose diameter increases with the closeness to the 

opening on the side of the first surface 2a and the edge of the first surface 2a, as shown in FIG. 12. 

opening on the side of the second surface 2b. The plated (3) ^ plated region 7 is provided on the circumferential 

regions 7, 8 and 9 are continuously fonned. Therefore, the surface of the through hole 6 (see FIG. 4), The plated region 

plated regions 7, 8 and 9 are formed such that they have a 7 fonned such that it is continuous with the copper-plated 

U-shaped longitudmal section as a whole. ^gions 2c and 2d. At the same time, the through hole 

The pickup element 3 is formed by providing a CCD formed, as described above, is also plated to aUow an 

image sensor 11 and bumps 12, 12, ... on a base plate 10. electrical connection. 

The CCD image sensor 11 is provided in the middle of the (4) yhe surface of the copper-plated regions 2c and 2d is 

base plate 10 and serves as a hght-recemng portion. The polished. This is a pre-process to allow the application of 
bumps 12, 12, . . . are provided on outer edges of the base 45 ^Qsisi materials 

plate 10 and are electrically connected to the CCD image /c\ n • * \ ^^ ia ia • j j ■ j . 

ti TT. u ^-1 L J J ^- (5) Resist matenals 14, 14, . . . are provided in predeter- 

sensor 11. The bumps 12, 12, . . . serve as bonded portions r ^. c .i_ 1 . / • j j 

^, , 1 L J J . .L J mmed positions of the copper-plated regions 2c and 2d 

that are respectively bonded to the pads 5, 5, , . , on the S ■ ^ \ — • ^ 1. // m\ a. *u* 

. *j - ^ where a circuit pattern is formed (see FIG. 5). At this tune, 

circuit board 2. .u - . . • 1 ^ ^ ^ • j j ^ t. 

^ . , , ^ . ^ . the resist matenals 14, 14 are provided at parts of the 

Tbe pickup element 3 is secured to the circuit board 2 by 50 copper-plated regions 2c and 2^ located at the edges of the 

bondmg the bumps 12, 12, . to the pads 5, 5 , . . With op^^ing of the through hole 6. 

the pickup element 3 secured to the circuit board 2 in such t ■ ^ t . . , 

a manner, the CCD image sensor 11 is located in a position ^^"'S ^ P^f '^^^""^ the copper-plated 

associated with the through hole 6 of the circuit board 2. ^^^lons 2c and 2rf ^T.^'^^f^^ unnecessary for formmg the 

With the pickup element 3 secured to the circuit board 2, the ss ^ ^* 

gap between the circuit board 2 and pickup element 3 is 0) matenals are peeled off to form the circuit 

sealed with sealing resin 13. For example, the sealing resin P^"^™ Arming the circuit pattern in such 

13 is thermosetting resin which seals the gap between the ^ manner, plated regions 7, 8 and 9 are provided on the 

circuit board 2 and pickup element 3, such that it entirely circumferential surface of the through bole 6 and both of the 

covers the pickup element 3. 60 ^PP^"" ^^^es of the opening of the same, and pads 

The use of the seaUng resin 13 makes it possible to 5, 5, .,. are also formed, 

prevent dust from entering through the gap between the (S) ^ ^^^^^ ^^^ist and symbol marks are then pnnted. 

circuit board 2 and pickup element 3, to prevent unnecessary i9) ^ trimming process and a post-drilling process are 

light from entering through the gap between the circuit performed. 

board 2 and pickup element 3 and to improve the reliability 65 (10) Surface treatments, such as solder coating, applica- 

of the bonding between the circuit board 2 and pickup tion of preflux and nickel- and gold-plating, are performed 

element 3. to terminate the steps of forming the circuit board 2. 
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(11) The circuit board 2 thus formed is inspected. 

(12) A pickup element 3 is prepared by providing a CCD 
image sensor 11 and bumps 12, 12, ... on a base plate 10; 
the circuit board 2 is disposed such that the pads 5, 5, . . . 
face upward; and the bumps 12, 12, . . . arc located in 
association with the pads 5, 5, . . . (see FIG. 8). 

(13) The pads 5, 5, ... are bonded to the bumps 12, 12, . . . 
using, for example, ultrasonic bonding, and the pickup 
element 3 is mounted in the circuit board 2 from above the 
same using flip-chip mounting (see FIG, 9). When the 
pickup element 3 is mounted on the circuit board 2, the CCD 
image sensor 11 of the pickup element 3 is located in 
association with the through hole 6. At this lime, the 
flip-chip mounting may be performed using an appropriate 
process, such as a C4 (controlled collapse chip connection) 
process, an ACF (anisotropic conductive film) process or a 
SBB (stad bump bonding) process. 

(14) The gap between the circuit board 2 and the pickup 
element 3 is sealed with sealing resin 13 (see FIG. 9). At this 
time, the gap between the circuit board 2 and the pickup 
element 3 is sealed such that the pickup element 3 is 
completely covered by the sealing resin 13. For example, the 
sealing resin 13 is thermosetting resin, which tends to flow 
from the gap between the circuit board 2 and pickup element 

3 toward the through hole 6, because it has fluidity unless it 
is set. An outer circumferential surface 8a of the plated 
region 8 prevents such an inward flow of the sealing resin 
13. Therefore, the plated region 8 serves as a dam for 
stopping the sealing resin 13, which tends to flow in, to make 
it possible to prevent the sealing resin 13 from flowing into 
the through hole 6. The plated region 8 has a necessary 
thickness, which depends on the viscosity, amount and 
setting conditions of the sealing resin 13. 

(15) A cover body 4 having a lens 4a held thereon is 
mounted on the circuit board 2 (see FIG. 11). The cover body 

4 is mounted on the surface of the circuit board 2 opposite 
to the surface thereof on which the pickup element 3 is 
mounted by inverting the circuit board 2 such that the pickup 
element 3 is located under the same. At this time, by forming 
the plated region 9 with an outer diameter that is equal to the 
inner diameter of the cover body 4 in advance, the outer 
circumferential surface 9a of the plated region 9 can be used 
as positioning means when the cover body 4 is mounted on 
the circuit board 2. This eliminates the need for providing 
separate positioning means on the circuit board 2 and makes 
it possible to mount easily the cover body 4 in a proper 
position of the circuit board 2. For example, the cover body 
4 is secured to the circuit board 2 by means of bonding. 

(16) The image pickup device 1 is completed by mounting 
the pickup element 3 and the cover body 4 on the circuit 
board 2, as described above. 

As described above, the image pickup device 1 has a 
configiu-ation in which the pickup element 3 and cover body 
4 are provided on opposite sides of the circuit board 2, which 
eliminates the need for providing the molded body f and 
forming the bonding portion i in the form of a recess to 
provide the CCD image sensor as a light-receiving ponion 
as in the conventional image pickup device. This makes it 
possible to provide the image pickup device 1 with a low 
profile. 

Further, since the plated region 7 is provided on the 
circumferential surface of the through hole 6 of the image 
pickup device 1, no particle, such as a glass fiber, drops from 
the circumferential surface of the through hole 6 to stick to 
the CCD image sensor 11, lens 4, etc., which prevents any 
reduction of image quality and makes it possible to maintain 
preferably fimctionahty of the image pickup device 1. 
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Further, since it is possible to prevent particles from 
sticking to the CCD image sensor 11, lens 4, etc., a board 
made of glass epoxy which is, in general, an inexpensive 
material can be used as the circuit board 2, which makes it 

5 possible to reduce the manufacturing cost of the image 
pickup device 1. 

In addition, since the plated regions 7, 8 and 9 can be 
easily provided at a step for manufacturing the circuit board 
2, the provision of the plated regions 7, 8 and 9 does not 

10 result in any reduction of manufacturing efficiency. 

T^e above plated regions 7, 8 and 9 are not limited to 
copper plating, and the plating thickness may be appropri- 
ately changed depending on the types of the materials and 
processes used for the image pickup device 1, the usage of 
the device, the type of the sealing resin and the like. The 
plated regions 7, 8 and 9 may be used as electrical connect- 
ing portions, e.g., connecting portions for grounding, con- 
necting portions for supplying power and connecting por- 
tions for transmission and reception of signals. 

While the above-description has referred to the use of a 
single-layer board as the circuit board, a multi-layer board 
may be used as the circuit board 2. 
Furthermore, when the through hole 6A whose diameter 

2^ increases with the closeness to the first surface 2a is formed 
at the above-described manufacturing step (2), it is possible 
to prevent efiSciently stray light from entering the CCD 
image sensor 11. This effect becomes significant especiaUy 
when the plated region 7 is formed using a glossy material 
having high reflective properties. 

Any of the specific configurations and structures of each 
pan of the above-described embodiment is merely an 
example of a specific mode of carrying out the invention and 
should not be understood as hmiting the technical scope of 
the invention in any sense. 

As apparent from the above description, the image pickup 
device according to the invention is characterized in that it 
is equipped with a circuit board that is formed with a 
predetermined circuit pattern having a bonding portion and 
which has a through hole, a pickup element which has a 
light-receiving portion and a bonded portion and which is 
bonded to the bonding portion of the circuit pattern at the 
bonded portion to be secured to one surface of the circuit 
board, and a cover body which has a lens portion for guiding 

45 incident light to the light-receiving portion of the pickup 
element through the through hole of the circuit board and 
that is secured to another surface of the circuit board 
opposite to the above-mentioned surface such that the 
through hole is covered. 

50 Since this eliminates the need for providing a molded 
body and forming a bonding portion in the form of a recess 
to provide a light-receiving portion as in a conventional 
image pickup device, it is possible to provide the image 
pickup device with a low profile. 

55 According to the second aspect of the invention, since 
plating is performed on the circumferential surface of the 
through hole of the circuit board, no particle drops from the 
circumferential surface of the through bole to stick to the 
light-receiving ponion, lens ponion, etc. This prevents any 

60 reduction of image quality and makes it possible to maintain 
preferably functionality of the image pickup device. 

Further, since it is possible to prevent particles from 
sticking to the light-receiving portion, lens portion, etc., a 
board made of glass epoxy which is, in general, an inex- 

65 pensive material can be used as the circuit board, which 
makes il possible to reduce the manufacturing cost of the 
image pickup device. 
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In addition, since the plating can be easily performed at a 
step for manufacturing the circuit board, the provision of the 
plating does not result in any reduction of manufacturing 
eflBciency. 

According to the third aspect of the invention, since 5 
plating is performed at the edge of the opening of the 
through hole on the side of the circuit board where the cover 
body is secured, the plating can be used as a positioning 
means when the cover body is mounted on the circuit board. 
This eliminates the need for providing separate positioning 
means on the circuit board and makes it possible to mount 
the cover body in a proper position of the circuit board 
easily. 

According to the fourth and fifth aspects of the invention, 
the gap between the circuit board and the pickup element is 
sealed with sealing resin; and, plating is performed at the 
edge of the opening of the through hole on the side of the 
circuit board where the pickup element is secured. As a 
result, the plating can be used as a dam for stopping the flow 
of the sealing resin, which makes it possible to prevent the 
sealing resin from flowing into the through hole. 

The method of manufacturing an image pickup device 
according to the invention is characterized in that it has the 
steps of forming a circuit board by forming a predetermined 
circuit pattern having a bonding portion and a through hole 
on a board, bonding a bonded portion of a pickup element 
having a light-receiving portion and the bonded portion to 
the bonding portion of the circuit board to secure the pickup 
element on one surface of the circuit board and securing a 
cover body having a lens portion for guiding incident light 
to the light-receiving portion of the pickup element through 
the through hole on another surface of the circuit board 
opposite to the above-mentioned surface such that the 
through hole is covered. 

Since this eliminates the need for providing a molded 
body and forming a bonding portion in the form of a recess 
to provide a light-receiving portion as in a conventional 
image pickup device, it is possible to provide the image 
pickup device with a low profile. 40 

What is claimed is: 

1. An image pickup device comprising: 

a circuit board which is formed with a predetermined 
circuit pattern having a bonding portion and which has 
a through hole; 45 

a pickup element which has a light-receiving portion and 
a bonded portion and which is bonded to the bonding 
portion of the circuit pattern at said bonded portion and 
secured to one surface of the circuit board; and 

a cover body which has a lens portion for guiding incident 50 
light to the light-receiving portion of the pickup ele- 
ment through the through hole of the circuit board and 
which is secured to another surface of the circuit board 
opposite to said surface such that the through hole is 
covered, wherein a circumferential surface of the 55 
through hole of said circuit board is plated. 

2. An image pickup device according to claim 1, wherein 
plating is provided at an edge of the opening of the through 
hole of the circuit board on the side where the cover body is 
secured. 

3. An image pickup device according to claim 1, wherein 
the gap between the circuit board and pickup element is 
sealed with sealing resin, and wherein plating is provided at 
an edge of the opening of the through hole of the circuit 
board on the side where the pickup element is secured. 

4. An image pickup device according to claim 2. wherein 
the gap between the circuit board and pickup element is 



sealed with sealing resin, and wherein plating is provided at 
an edge of the opening of the through hole of the circuit 
board on the side where the pickup element is secured. 

5. A method of manufacturing an image pickup device 
comprising the steps of: 

forming a circuit board by forming a predetermined 
circuit pattern having a bonding portion and a through 
hole on a board; 

plating a circumferential surface of said through hole; 

bonding a bonded portion of a pickup element having a 
light-receiving portion and the bonded portion to the 
bonding portion of the circuit board to secure the 
pickup element on one surface of the circuit board; and 

securing a cover body having a lens portion for guiding 
incident light to the light-receiving portion of the 
pickup element through the through hole on another 
surface of the circuit board opposite to said surface 
such that the through hole is covered. 

6. An image pickup device comprising: 

a double-sided metal-laminated circuit board which is 
formed with a predetermined circuit pattern having a 
bonding portion and which has a through hole; 

a pickup element which has a light-receiving portion and 
a bonded portion which is bonded to the bonding 
portion of the circuit pattern on one side of the circuit 
board; and, 

a cover body which has a lens portion for guiding incident 
light to the light-receiving portion of the pickup ele- 
ment through the through hole of the circuit board and 
which is secured to the other side of the circuit board 
opposite to said one side such that the through hole is 
covered. 

7. An image pickup device according to claim 6 wherein 
the through hole is plated at its edges and at its circumfer- 
ential surface. 

8. A method of manufacturing an image pickup device 
comprising the steps of: 

providing a double-sided metal-laminated circuit board; 
forming a through hole in a predetermined position of said 
circuit board; 

forming a plated region on the circumferential surface of 

the through hole; 
forming resist material, defining a circuit pattern, on said 

circuit board; 

etching unnecessary metal-laminated material about the 
circuit pattern; 

peeling ofif remaining resist material; 

bonding a bonding portion of a pickup element having a 
fight receiving portion and a bonding portion of the 
circuit board to secure the pickup element on one side 
of the cimiit board; and, 

securing a cover body having a lens portion for guiding 
incident light to the light receiving portion of the 
pickup element through the through hole on the other 
side of the circuit board sudi that the through bole is 
covered. 

9. The method of manufacturing an image pickup device 
according to claim 8 wherein after the bonding portion of the 
pickup device is bonded to the bonding portion of the circuit 
board a gap formed between the pickup element and the 
circuit board is sealed with a seaUng resin. 

10. The method of manufacturing an image pickup device 
according to claim 9 wherein said sealing resin is thermo- 
setting. 
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